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Pb MIGRATION IN THE OKLO URANIUM DEPOSIT. A. J, Gancarz and . B. Curtis, Univer-

sity of California, Los Alamos Scientific Laboratory, Los Alamos, New fvlexico 87545

Walton and Cowan (1) and Bryant et al. (2) sug-

gested that the natural fission reactors discovered

at the Oklo uranium deposit in Gabon, Africa and

the geologic environment around the reactors of-
fered an opportunity to study the redistribuhon of

elements on a geologic time scale. The setting is

unique because the reactors produced a suite of
eler-r}ents with distinct isotopic abundances and

rocks cxte~ nal to the reactor which contain these

isotonically anomalous elements, represent zones

into v~hich reactor products migrated. In addition,

reactor nucleonics calculations quantitatively

predict the amounts of the reactor products; thus,

losses of these elements from reactor zones are

easily detected. Finaliy, many of the reactor

products and the U itself are radioactive and as

clocks can be used to determine fetes of element

migration.

Uranium-lead studies of Oklo lJ-ore san~l>le”,
both from v~i!hin and ~xtcrnal to the reactor zone,

show that samples are dcp!eted in Pb relative to

the amounts CalCIJlatCd from U decay (3,4). The
average loss is -50[!h, Gancarz (5) interpreted the

data to indicate a primary age of 2.05 X 109 years

with F’b loss from uraninite by continuws volume

diffusion. We report U-Pb and Pb isotopic data for

additional ore and non-ore sampies selected in an

attempt to dciineate the paths aiong which the lost

Pb migrated, These latter samples were chosen

from a iarge number of core samples, both above

and below the uranium rich i’ones, They are ail

from a conglomeratic layer 3 to 5 meters un-

derneath the U-ore and reactor zones. Rocks from

this layer were the only ones to contain either micro

~r macroscopic crystals of pyrite (FeS2) and/or
galcna (PbS2).

Shown on Figure 1 are the new data and those
previously reported by Gancarz (5), The non-ore

samples are those with 238 U/206pb* < 0,5, The
heavy curve is the corwordia curve, i.e., the locus of

points for closed system Pb evcdution frotn pure U
between the time indicated on the curve and the

prcsen!, Data to the right of the curve indicate Pb

loss relative to U and data to the ieft refiect relative

Pb gain, The curve through the data is a model

curve, It is the locus of points assuming a sta:ting

time of 2.05 AE and continuous ioss of Pb by
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FIGIJR~ 1

volume diffusion for various vaiues of the effective

diffusion coefficient, D/a2 (6), The hatched area is

where data plot for samples which have lost no Pb

and gained diffused Pb. We conclude from these

data that Pb is iost from host uraninite by a diffu-

sion mechanism. The conglomerate underlying the

U deposit contains this diffused Pb and is,

therefore, both a transport path and repository for

Pb. The significance of the variation of
207p b*/206Pb* in the conglomerate remains un-

clear as does .O why data piot below the diffusion

trajectory.
The Pb incorporated into rocks at the time uf

their formation has been subtracted from the dat~
before they are piotted on Figuro 1. For data plot-

ted on Figufe 2 this in!tial component is not sub-

tracted. The circles represent rocks depleted in Pb

as deduced from Figure 1 and the sq~ares are for
the Pb enriched samples. The curve labeled C is the
Pb diffusion curve for 23 fiU(today)/204Pb( initiai) =

10 000. The close agreement of the data to this

modei curve suggests that not oniy In s/tu
uranogenic Pb, but also the initial Pb is lost by dif-

fusion. The two parallel lines, one labeled

“isochron,” define the region where samples which

have retained Pb and have gained diffused Pb plot.

As with the U-Pb systematic, these Pb isotopic

data alone show that the conglomerate contains
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QXC! .,s Pb, which is the corr, ponent diffused from

the uraninite, and is a transport zone and

repository for the Pb.

These U-Pb data demonstrate the potential of

the Oklo uranium ore deposit and natural fission

reactors as a long time scale analogue for man-

made radioactive waste repositories. The extent to

which other reactor products migrated through

specific zones and/or were retained in these zones

needs yet to be determined,
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